Selective gamma-aminobutyric acid type A receptor antagonism reverses isoflurane ischemic neuroprotection.
Isoflurane provides protection against severe forebrain ischemia in the rat. The authors hypothesized that this is attributable to interaction with the gamma-aminobutyric acid type A (GABAA) receptor resulting in altered time to onset of ischemic hippocampal depolarization. Organotypic hippocampal slices were subjected to oxygen-glucose deprivation in the presence of isoflurane and combinations of GABAA (bicuculline) and GABAB (phaclofen) receptor antagonists. Cell death was measured. Rats were subjected to severe forebrain ischemia while anesthetized with fentanyl-nitrous oxide or 1.4% isoflurane. In the isoflurane group, rats also received intravenous bicuculline (0, 1, or 2 mg/kg). Neurologic and histologic outcomes and time to depolarization were assessed. In slices, 2% isoflurane caused near-complete protection against oxygen-glucose deprivation. This was unaffected by coadministration of phaclofen but largely reversed by bicuculline. The GABAA agonist muscimol was also protective, having an effect equivalent to 1% isoflurane. In rats, isoflurane (0 mg bicuculline) improved neurologic and histologic outcome versus fentanyl-nitrous oxide (CA1 percentage of alive neurons: fentanyl-nitrous oxide, 15 +/- 7; isoflurane, 61 +/- 24). The isoflurane effect was reversed in a dose-dependent manner by bicuculline (CA1 percentage alive: 1 mg/kg, 44 +/- 22; 2 mg/kg, 21 +/- 15). Time to depolarization was delayed with isoflurane versus fentanyl-nitrous oxide (137 vs. 80 s) but was not affected by bicuculline (149 s). In contrast, postischemic time to repolarization was more rapid with fentanyl-nitrous oxide or isoflurane plus bicuculline versus isoflurane alone. These studies are consistent with the hypothesis that the GABAA receptor serves as a major site of action for isoflurane neuroprotection both in vitro and in vivo. However, the mechanism by which this interaction confers in vivo protection cannot be attributed to effects on the duration of ischemic depolarization.